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[0001] The present Invaniion relates to hair styling compo6i1lons and a method of enhancing the performance of hair 
fixative reeins. More particularly, the present Invention rotates to a method of improving th$ etlffnees perlormance of 
hair fixative resins. In a preferred embodiment, the praeent invention also ralaies to aqueous hair etyling compositions 
containing low (80 wolght percent or less) volatile organic compound (VOC) concentrations. 
[0002] Hair styling products, such as hair sprays, etyling gels, spray gate and mousses are used on hair to hold tho 
hair in a parlicolar shape or configuration. The hair styling products, when applied, form a thin film or wold of resin on 
ihe hair, most efficiently in the eeam between adjacent hair fibers or at a point where the fibers cross one another, and, 
88 a result, hold the hair in a particular shape or configuration. 

[0003] Hair styling products can be applied to the hair in soverat ways. For example, the hair styling product may be 
applied by a spray using a propellani (such as in an aerosol hair styling product), using a hand pump, or, in the case 
of a gel, applied to the hair by hand directly. Hair styling products typically contain one or more VOC. VOC contribute 
to ground level air pollution in the presence of sunlight and air. and are volatile under ambient conditions. 
[0004] Legislation in New York, California and other states mandates that the amount of VOC formulated into hair 
styling products that are sprayed, such as aerosol and pump hair sprays, must not exceed 80 weight percent (%) In 
the product. By June the amount of VOC In hair styling products that are sprayed must be reduced to 66% in 
California. Other states have enacted similar legislation mandating the reduction of VOC In hair styling products that 
are sprayed. Present hair styling products in the United Stales that are sprayed typically have VOC levels of 80% or 
less. Such VOC include, for example, ethanol. dimethyl ether and hydrocarbons; the most likely replacement for VOC 
IS water. 

[0005] In order for a resin to bo suitable in a hair spray composition it must exhibit a combination of desirable per- 
formance attributes. Those include, but are not limited to, compatibility of the resin in the hair spray composition, 
satisfactory high humkJity curl relenitan, satisfactoiy stiffness on the hair, low tackiness after spraying on the hair, short 
dry times, no vlsibte residue on the hair, easy shampoo removability, and easy sprayablliiy resulting in a uniform mist 
of spray delivered to the hair 

[0006] Hair fixative resine available in the marketplace today for example. Annphomer LV'71 (octylacrylamide/acr- 
ylates/bulylaminoeihyl methacrylate copolymer) and Resyn 2B-2930 (vinylacetate/crotonic acidA^inylneodecanoate co- 
polymer) satisfy many of these performance attributes, but only In hair spray compositions containing a limited amount 
of formulated water, for example, less than 1 5%. such as usually found In 60% VOC hair spray compositions (Amphomer 
and Resyn are trademarks of the National Starch and Chemfeal Company). These resins are compatible tn the hair 
spray composition, and give a frmi, stiff feel to the hair, but are deficient In either residue properties or curl retention. 
In particular, these resJns are unsuitable In 55% VOC hair spray composiikKis (containing significant amounts of for- 
mulated water) due to poor spray properties from high viscosity, incompatibility in the hair spray composlHon, or having 
extended dry times. 

[0007] U.S. Patent No. 4.196,1 90 discloses aciyllc hair fixathre resina containing 10-30% of an alkyi acrylate. 41 -60% 
of methyl methac^late, 5*20% of hydroxyethyl methacrylate and 1 0-30% of methacryllc acid. Although disclosing acryl- 
ic hair fixative resins that are compatible in 55% VOC hair spray compositions containing large amounts of formulated 
water, give excellent high humkiity curt retention, excellent shampoo removability, short dry times, low or no tackiness, 
but deliver a soft, natural feel to the hair, this reference does not disclose or suggest how to improve the stiffness of 
the resin on the hair. Although a soft feel to the hair Is desirable for those formulators targeting a more manageable, 
natural feeling hair style, a significant portion of tho populatton prefers a stiff, firm hoW to tho hair. 
[0008] U.S. Patent No. 5,668»6SB, although disclosing how to Improve the performance of acrylic resins In low-VOC 
systems, also does not disclose how to Improve hair silflness. 

[0009] The present inventton seeks to improve upon tho prtor art hair fixative resin technology by using selected 
polymers as hair fixative resins that are compatible In hair fixative compositions containing largo amounts of water, for 
example, 55% VOC compositions, while retaining other beneficial hair fixative properties, such as (i) taw tackiness, (il) 
short dry times, (ill) easy shampoo removability, (Iv) excellent high humidity curl retention, (v) easy sprayability, and in 
addltkw. delivering a stiff, firm hold to the hair, rather than a soft feel to the hair 

STATEIWIENT OF INVENTION 

[OdiOJ One embodiment of the present Invention provkJes an aqueous hair styling composttton comprising (a) from 
1 to IS weight percent of at least ne acrylk; hair fixative resin, wherein the acrylks hair fixatrve resin is a porymer 
comprising as polymerized units: (i) 6 to 95 weight percent of at least one {Ci-C,o)aikyl (meth)acrylate, (il) from zero 
to 70 weight percent of least one hydroxyalkyi (meih)acrylate. (lit) from zero to 50 weight percent from f at least on 
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OyCQ mono thylenically unsaluraled monooarboxylic acid monomar arid (Iv) from 1 to 25 weight p rcent o( at lea^t 
ono C^-Oq m noethyienlcally unsaturated dicartxjxylic acid monomer, based on total weight of the acrylic hair fixative 
reein; and (b) at least one neutraliz r. 

[0011] In another embodiment the present Invention provides the alorementioned aqueous hair styling composition 
5 further comprising volatile organic compounds in a concentration up to 9B weight percent, based on total weight of the 
aqueous hair styling composition. 

[001 2] In a preferred embodimsni the present invention provides aqueous hair styling compositions using the afore^ 
menitaned hair fixative resins wherein (a) the (C,-Cio)alkyl {meth)aciylale Is from 2 to 67 weight percent of at least 
one (C2-C5)alkyl acrylale and trom 5 to 71 weight percent of methyl mathacrylate, (b) the hydroxyalkyi (meth)acrylate 
10 \B from 2 to 26 weight psrcent of hydroxyothyl mathacrylate, (c) the Cg-Cg monoethylenlcally unsaturated monocar- 
boxyllc acid nr^onomer is from 2 to 30 weight percent of methacrylic acid, and (d) the C^-Ce monoethylenicalty unsatu- 
rated dicarboxytic acid monomer Is from 2 to 10 weight percent of itaconic acid. 

[0013] The present invention further provides a method for Increasing the stiffness on hair of aqueous hair styling 
compositions comprising Introducing from 1 to 15 weight percent of an acrylic hair fixatfvo resin, based on total weight 
of the aqueous hair styling cornposltlon, into a hair styling composition, wherein (a) the acrylic hair fixative resin is a 
polymer comprising as polymerized units: (i) 6 to 9S weight percent of at least one (Ci-Cio)alkyl (meth)acrylate, (ii) 
from 2ero to 70 weight percent of least one hydroxyalkyi (meth)acrylate. (ill) from zero to 50 weight percent from of at 
least one Cg-Cg monoothylenlcally unsaturated monocarboxylic acid monomsr, and (iv) from 1 to 25 weight percent of 
at least one C4'Ce monoethylenically unsaturated dicarboxylic acid nrionomer, based on total weight of the acrylic hair 
^ fixative resh; and (b) the hair styling composition comprises at least one neutrallzer. 

DETAILED DESCRIPTION 

[0014] The aqueous hair styling compositions of the present Invention provide enhanced stiffness perfornr^nce of 
25 the hair styling conr^position. We have found that the use of certain selected acrylic polymers surprislngV Improves the 
stiffness on hair of the hair styling composition without adversely affecting other properties of the hair styling compo- 
sition. 

[0016] By an 'aqueous hair styling composition' wa mean a hair spray, etyllng gsl, spray gel or mousse that Is used 

on hair to hold the hair In a particular shape or configuration. Preferably, the hair styling composition in the present 
30 Invention is a hair spray. 

[0016] By "hair" we mean natural human hair, animal hair, artificial f^air and wigs or hairpieces comprising hair. 

[001 7] As used herein, all percentages referred to will be expressed in weight percent (%) unless specified othenvise. 

[OOiej The aqueous hair styling compositions typically will contain at least 2% and up to 99% water, more typically, 

from 25 to 70% water, besed on the total weight of the aqueous hair styling composition. By •low-VOC' we mean the 
55 hair styling composition contains B0% or less volatile organic compounds, that is, usually about 1 0% or more of water 

Preferably, the hair styling composition contains less than 70%. and more preferably 55% or less, VOC. Optionally. 

the hair styling composltbn may contain no VOC. 

[0019] The term ■(meth)acrylate' means mathacrylate or acrylats. The term '(methjacrylic acid' means methacrylic 
acid or acrylic acid. As used herein, the term "unsaturated dicarboxylic acid monomer" refers to nnonoethylenically 
unsaturated dicarboxylic acids containing 4 to 8, preferably from 4 to 6, carbon atoms per molecule and anhydrides of 
the conesponding dicarboxylic acids. Dicarboxylic acid monomers useful in the water-soluble polymers of the present 
invention Include, for example, malelc acid, maleic anhydride, funoaric acid, a-methylene glutaric acid, Itaconic acid, 
llaconic anhydride, citraconlc acid, mesaoonic acid, cyclohexenedicarboxyllc acid, and water-aoluble salts thereof. 
[0020] When the word 'soluble* is used to further describe a compound, such as for example the "soluble hair fixative 
resins; we mean herein that the compound described Is soluble in the low-VOC hair styling composition. 
[0021] As used herein, VOC are compounds containing at least one carbon atom and are typically used as solvents 
or propollants in hair styling compositions. VOC include, for example. C^-C^j »tfa»ght or branched chain alcohols such 
as methanol, ethanol, propanol, Isopropanol and butanol; C^-C|2 straight or branched chain hydrocarbons such as 
methane, ethane, propane, Isopropane, Isobutane, peniane. isopentane and butane; or ethers such as dimethyl ether 
w and dimelhoxymethane. Preferred VOC are selected from one or more of ethanol, Isopropanol, n-propanot. dimeth- 
oxymethane, dimethyletherand C^-C^ 2 straight or branched chain hydrocarbons. 

[0022] The acrylic hair fixative resins useful in the preBani invention are soluble In the low-VOC hair styling compo- 
aitlon "as Is" or upon neutralization of some or all of the acid groups contained in the acrylic hair fixative resins. 
[0023] The acrylic hair fixative resins of the present Invention comprise as polymerized units (1) from 5 to gs%, 
S5 preferably from 46 to 90%, and more preferably frorn 70 to 80% of at least one Ci-C,o straight or branched chain allcyl 
(meth)acrylate rrv^n mer, (2) from zer to 70%. preferably fr m 2 t 26%. and more preferably from 5 to 20% of at 
least one hydroxyalkyi (meth)acrylato monomer. (3) from zero to 60%. preferably from 2 to 30%, and more preferably 
from 1 2 to 26% of at least one Ca-C^ monoethylenically unsaturated monocarboxylic acid monomer, and (4) from 1 to 
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^'^f'f!^'^^^ 2 1 10, and m re preferably from 3 to 8%. of at loast one C4.C8 monoethylenically unsaturated di- 
carboxylic acid mon merbaeed on the total monomer used t tormih acrylic hair fixative resin 
[00241 Preferably, the (C,.Cio)alkyl (meth)aciylBte la e lected from one r more (C,-CB)alKyl (meth)acrylat s such 
0?»m)ac'SlaS^' ('"eth)acrylate, propyl (meth)ao(ylato. butyl (meth)acrylate and pontyl 

[OMS] More preferably the (C, -Ciojalkyl (meih)acrylate component comprises at least one (C,-C3)alkyl methaciylaia 
and at least one (Ca-Csjalkyl acrylate. I*»t preferably the alkyl (meth)aciy late component comprises methyl moihacr^ 
ylate and butyl acrylate. The amount of the at least one (Ci-C3)alkyl methacrylate in the hair fixative resin is preferabV 
irom 6 to 71%. mora preferably from 41 to 60%. based on the total monomers used to form the hair fixativo rosin The 
amount of (Cj-Cgjalkyi acrylate is preferably from 2 to 67% ar^d more preferably from 10 lo 30%, based on the total 
monomer used to fomi the acfylie hair fixative resin. 

10026] The alkyl group of the hydroxyalkyi (math)aciylate is preferably a (Ci-CBSikyi group. For example, the hy- 
dro)valkyl (meth)8Crylate is preferably selectedfrom one or more of hydroxyethy! (meth)acrylate, hydroxypropyl (meth) 
ac^iflie, hydroxybuiyl (meth)acrylaie and hydroxypentyl (meth)ac[ylate, More preferebly the hydroxyalkyi (meth)acr- 
ylate is selected from one or more of hydroxyethyl methaciylate and hydroxypropyl acrylate, 
[0027] The C3-C8 monoeihyienkjally uneaturated monocarboxyilc acid rnonomer is preferably selected from one or 
SfrnTthSic ackj' '^'^^^"'^ preferably, the CyCs monoethyienlcaliy unsaturated nranocaiboxyllo 

[WCB] The C4-Ce monoethyienicaliy unsaturated dicarboxylic acid monomer is preferably selected from one or more 
ot itaconte acid, malelc acid and the corresponding anhydrides. Preferably, the C4-CB monoethylentoally unsaturated 
dicarboxylic acid monomer is Itaconic acW. 
[0(ttq The combined amount of the unsaturated monocarboxylks and unsaturated dwarboxylic add monomer is 
typically from 3 to 60%, preferably from 1 2 to 60%, end more preferably from 15 to 25%. based on total weight of the 
hair fixative resin. At lower levels of combined monocarboxyiic and dicarboxylic acid monomer, the deoree of stiffness 
» enhancement ot hair fixative resin is lessened. 

[0030J While not wishing 10 be bound by theory, we believe, in the case of the present invention, that the monomers 
comprising the acrylic hair fixative resins Impart the folk>wing properties to the resins: (1 ) the alkyl acrylate component 
of the acrylx: hair rixative resins piastlcizas or reduces the brittleness of the resins, (2) the (a-Calalkyl msthacryiate 
,0 JfTj*^"' provides hardness to give the resins non-tacky hoWing properties when applied to the hair as a film. (3) 
so the hydroxyalkyi mothacryiate and methaeryite acid components provWe shampoo rerw>vablllty without compromising 
curl ratamion or tackiness of the resin, and (4) the dkarboxylfc acW componem strengthens the modulus of the resulting 
film, and in combination with increased molecular weight, Imparts greater stiffness to the hair. The proportions ot the 
monomers comprising the acrylic hair fixative resin are selacled lo provide for an optimum hydiophillcyhydrophobks 
balance. This optimum balance provides, in a low-VOC hair styling composHion. curl retention under humid conditions 
rnoisture resistance, shampoo removability, and desirable aesthetics to the hair, such as minimal flaking of the hair 

[0031] The acrylic hair fixative resins preferably hav0 glaso iransftlon temperatures (To) trorn 35*C to 140»C more 
preferably from groator than 60»C and up to 1 0O'C, and most preferably from 55*C to 90*C. 
[0032] The acrylic hair fixative rasina are preferaby added to the hair styling composition to provide a total concen- 
tration of frofii 1 to 15%, more preferably from 2 to 10%, and most preferably from 4 to 7%, of the acrylic hair fixative 
reainfi, based on the total weight of the hair styling composhlon. 

[0033] The acrylic hair fixative realns may be prepared by conventional meihoda well known to those skilled In the 
art The acrylic hair fixative resins are preferably prepared by emulsion polymerization, more preferably by a continuous 
in-line emulsification process. U.S. Patent Nos. 3,245,932, 3.463.245 and 4.186.)90 may be consuHed for further 
general and speciftc details on suitable emulsion polymerization methods. Emulslflera used m the polymer preparation 
keep the acrylic hair fixative reelns auepended in the acrylic hair re$ln emuleten. Typical emuisitiers used to prepare 
the acfylic hair fixative resins include, for example, one or more of {C^^C^^) alcohol sulfates (such as sodium lauryl 
sulfate and sodium trkiecylether sulfate), diester aulfosuccinates. phosphoric acid esters (such as long^hain alkyloxy- 
polyCallcyleneoxide). long<hain alkylaryloxypoly(alkyleneoxWe). bng^haln alkyl and long^hain alkylaiyl mor^o- and 
H f ^Phoephoric acid, for example (Cfi-C,e>alkylaryloxypoly(alkylen8oxlde). (Cio'C,8)alkyk>xypoly(alkyleneox- 
joe). (Cio-Ci6)a'kyi. and (Cfl-C,fl)alkylaryl mono« and di-estars of phosphoric acid), alkary) sulfonates (such as do- 
decylbenzene sulfonate), alkyl or aryl polyeiher sulfonates, alkyl or aryl polyeiherateohols, ethylene oxWe condensates 
of propylene oxide and propylene glycol adducis. Preferably, the emulsifiers used are anionic type emulsifiers. such 
as tong^hain alkyloxypoly(alkyleneoxkie). long-chain alkylafytoxypoly(alkyleneoxide), long-chain alkyl and long^hain 
alkylaryl mono- and di-esters of phosphoric acid. 

[0034] The soluble hair fixative resins that are useful In the present mbodiment are aolubia In the low-VOC hair 
styling composition "as Is" or upon neutralizatton of some or all of the acki groups contained in the eolubl hair fixative 
resins. The soluble hair fixative resins. If sprayed, pr ferably have a viscosity less than or equal t 15x10-3 pascaLsec- 
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ends (Pa*6ec) (16 oentipolse) when dissofved In a pump hair styling composition at a resin concentration of about 5% 
or less, based on the loiai weight of the hair styling composition, and leas than 25 x la^ Pa*sec in an aerosol concen- 
trate. 

[0035] The acrylic hair fixative resins containing acidic groups, such as carboxylic acid groups, are neutralized by 
5 conventional techniques with at least one base to dissolve the resins In the hair styling composition. Bases that will 
neutralize the soluble hair fixative resins may bo selected from one or more amines, alkali or all<aline earth metal 
hydroxidea, and ammonium hydroxide. Suitable amine neutralizers include, for example, 2-amino-2-methyl'i,3-pro- 
panediol, 2-amino-2-methyM-propanoI, N,N-dimethyi-2-amlnO'2-methyl-Upropanol. monoisopropanolamlne, tritso- 
propanoiamine. ethanolamlne. triethanolamine and moipholine. Suitable alkali or allcatine earth metal hydroxides in- 
10 dude, for example, sodium hydroxide and potassium hydroxide. Preferably, the neutralizer Is selected from one or 
more of 2-amino-2-molhyl-1,3*propanedlol, 2ramino-2-meihyl'1'propanol, N,N'dimethyI-2-amlno-2-methyl"1-propa- 
nol. potassium hydroxide, triethanolamine and triisopropanolamlne. 

[0036] The amount of neutralizer addad to the hair styling composition is that amount needed to provide solubility 
of the soluble hair fixative realne In the hair styling composition, lyplcaliy from 5 to 100%, preferably from 10 to 100%, 
more preferably from 50 to 1 00%. and most preferably from 75 to 1 00%, baaed on molar equivalents, of the acid groups 
in the hair fixative reetns are neutralized 

[0037] The low-VOC hair styling compositions may also be blended with one or more other hair fixative resins. Suit- 
able soluble hair fixative resins include, for example, the acrylic hair fixative resins described previously, and other 
soluble hair resins such as, for example, butyl acrylate/ethyl acrylate/methacrylic acid copolymers, vinyl pyrrolidone/ 
vinyl acetate copolymers, octylacrylamWe/ ac^latos/butylamlnoothyl-methacrylate copolymers, vinylcaprolactamA^i- 
nyl-pyrrolidone/dimethylaminoethyi-methacryiate copolymers, methacryloyl ethyi-betalne/methacrylate copolymers, 
methacrylic acid/owthacryiic ester copolymer, acrylates/hydroxyeeters acrylates copolymer and methacrylic acid/^cryi- 
ic acid ester copolymers. Preferably, the soluble hair fixative resins are the acrylic hair fixative resins described prevl- 
ously. 

26 [0036] One or more surfactants may be added to the low-VOC hair styling composition, typically to reduce the surface 
tension of the composition. When surfactants are present in the hair styling compoaltion, thay are preferably present 
at a concentration of from 0.001 to 1 %, based on the total weight of the composition. The surfactants that may be used 
in the hair styling composition Include, lor example, anionic, catlonlc. nonionicand amphoteric surfactants. For example, 
suitable surfactants include PPG 28 Buteth 35, PEG 75 lanolin, perfluoropoiymethyl Isopropyi ether, octoxynol-9, PEG- 
SO 25 hydrogenated castor oil. polyethylene terephthalate. polyethylene glycol 25 glyceryl trioleate, oleth^ phosphate. 
PPG-5-ceiath-10 phosphate. PEG-20 methyl glucose ether. gfyc8reth-7'triacetate and n-all^yl substituted lactam (such 
as o-octyl pyrrolidone). 

[0039] One or nrrare plastlclzers may be added to the hair styling composition of the present invention. When plas- 
ticlzers are present in the hair styling composition, they are preferably present at a concentration of from O.OOl to 1 %, 
based on the total weight of the composition. The plasticizers that may be used in the hair styling composition include, 
for example, dimsthlcone copolyol, dimethicone, phenyiirimethicones, triaikylcUrates, and others that are Imown and 
typically usod in the an. 

[0040] One or more solvents may be added to the hair styling composition of the present Invention. When solvents 
are added to the hair styling composition they preferably comprise op to 70%, more preferably up to 56%, of the total 
hair styling composition, based on the total weight of the hair styling composition. Suitable solvonie include, for example. 
C2"C^ organic alcohols (such as ethanol, isopropanol, propyl alcohol) and acetone, 
[0041] In a low-VOC hair styling composition using an aerosol spray, one or more propellants are used. Preferably 
the propellants are used at a total concentration of from 1 0 to 70%, more preferably from 30 to 60%, based on the total 
weight ol the hair styling composition. Suitable propellants include, for example, one or more of n-butane, isobmane, 
^ dimethyl ether, difluoroethane, chiorodifluoroethane» chtorodifluoromeihane and other chlorofiuorocartonB. Preferred 
propellants are selected from one or more of dimethyl ether, 1 ,1 -difluoroethane, n-butane and leobutane. These pro- 
pellants are available commercially, 

[0042] Presen^atives that may be used in the low-VOC hair styling composition Include, for example, one or more 
of Isothlazoiones, lodopropynylbutyl carbamate, benzyl alcohol, imidazolidinylurea and alkyi parabene. A preferred 
^0 antimicrobial agent is lodopropynylbutylcarbamate (commercially available from Lonza Inc.. Fairiawn, New Jersey) 
The preservatives preferably comprise from 0.001 to 1% ectiva ingredient, in the hair fixative resin emulsion. 
[0043] One or more thickeners may be desirable in a low-VOC hair styling composition that is applied to the hair in 
the form of a styling gel. Suitable thicltenere Include, for example, polycarboxyllc acid thickeners such as Acrylates/ 
8teareth-20 mothacrylate copolymer. Acrylates copolymer, or Acrylates C,o^o ^'^yi acrylate crosspolymer; poiyethox- 
ylated urethene ihkskeners and polyamlde thtokeners. The thickeners, when used, preferably are present at a total 
concentration o( from 0.001 to 5%, based on the total weight of the composition. 

[0044] Other additives, such as those commonly used by those skilled in the art, may be added to the tow-VOC hair 
styling compositbn. The other additives used in the hair styling con^sltion will depend upon the typ f hair styling 



35 



40 



6 

Received from < > at 3/7/03 11:06:43 AM [Easlem Standard Time] 



• 03/07 '03 10:07 



ID:3I1 220-11-01 



FAX: 



PAGE 



EP 0 686 406 A2 



10 



IS 



so 



IS 



30 



composition desired. OiheraddKlves include, foroxample, an^ or more ol fragrances; moisturizers (such as hydroVzed 
silk prrtein and hydrolyzed wheat protein); detangling aids 6u^ U ndiiionlng flosnts (U.S Patent N 

Z """''^ ^ °" «»n«^itlonln9 fiSenls); emulelKere- antl- 

«^r.!?ir ' ^"T"^'- P^<«clors; and corrosion inhibitors, Tlie other addi- 

^^s typlcalhr cornpr.se from O.pos to 5%, and more preferably from 0,01 to 1%, of the hair styling composition. 

Ttl l*^"'*!' «"v»nte. other preservatives, and thickeners. 

Sh p^.?, aif L". u° ^ ^^'''l^ coniPosition may be found in the intomationat Cosmetic Ingredients Dictionary. 
rn«/« = • Cosmetics Toiletries Fragrances Association (CFTA), Washington D C 

Lnh! n ^''^P'*'* ^««=ribo preparation of polymer compositions representative ol hair fixative resin polymers 
of the present Irwemion, Including comparative compositions (Pol/mer ID# 2-6, 20. 2i end 23). All ratios, pans and 
fl!l ,f ^ *i ^ expressed by weight unless otherwise specified, and all reagents used are of good commercte^ quality 
unless othen*,lse specified. Abbravtetlone tor monomers, emulslfiers and oiha, materials described In theSamS 
ere presented In Table 1 . Hair fixative resin monomeric unit composltion/emulsrier information is summarized in Table 2. 



Tablo 1 


BA = 


Buiyf Acrylaie 


BMA = 


Butyi Methacrytdta 




j&obutyl Methacrylate 


TBMA = 


Tertiary-Butyl Methacrylate 


IBOA = 


Isobornyl Acrylato 


\BOMA = 


Jeobornyl Methacrylato 


MMA = 


Methyl Methacrytate 


HeMA = 


hydroxyathyl Mothacrylata 




N, N-Dimethylacrylamide 


IA=. 


Itaconic Acid 


DDM = 


DoddoyI Marcfiptan 


SLSs 


Sodium LBU7! Sullate 


PPE-I = 


Tridecyk»cypoly(ethyleneoxid©)e Phosphate (65/46)Mono/Diest$r 



Tables 



Polymer ID# 


Hair Fixative Reeln Compoeftton 


1 


25 BA/47 MMA/10 HEMA/13 MAA/5 lA with PPE-1 


1A 


25 BA/47 MMA/10 HEMA/13 M/W5 lA with SLS 


2 (comp) 


25 BA/47 MMA/1 0 HEMA/IB MAA wrth SLS 


3 (comp) 


25 IBMA/47 MMA/10 HEMA/18 MAA Wtth SLS 


4 (comp) 


25 TBMA/47 MMA/10 HEMA/1S MAA with SLS 


5 (comp) 


10 IBOA/15 BA/47 MMA/10 HEMA/1B MAA with SLS 


6 (comp) 


10 IBOMA/15 BA/47 MMA/10 HEMA/18 MAA With SLS 


7 


25 BA/52 MMA/10 HEMA/S MAA/5 lA with PPE-1 


e 


25 BMA/47 MMA/10 HEMA/1 3 MAA/5 1 A with SLS 


d 


25 BMA/47 MMA/5 HEMA/5 DM/kM/1 3 MAA/5 1 A with SLS 


9A 


30 BMA/47 MMA/10 HEMA/B MAA/5 lA with SLS 


10 


25 BMA/42 MMA/10 HEMA/5 DMAM/13 MAA/5 lA with SLS 


11 


23 BA/2 IBOMA/47 MMA/10 HEfyiA/13 MAA/5 lA with PPE-1 


12 


21 BA/4 IBOMA/47 MMA/10 HEMA/13 MAA/5 lA with PPE-1 


13 


18 BA/7 IBOMA/47 MMA/10 HEMA/13 MAA/5 lA with PPE-1 


14 


25 BA/57 MMA/1 3 MAA/6 lA With PPE-1 


15 


25 8A/65 MMA/2 HEMA/13 MAA/5 1 A with PPE-1 


16 


25 BA/47 MMA/10 HEMA/11 MAA/7 lA with PPE-1 


17 


25 BA/47 MMA/10 HEMA/B MAA/10 lA wfth PPEO 


. 18 


23 BA/2 IBOA/47 MMA/10 HEMA/13 MAA/5 lA with PPEO 


Id 


21 BA/4 IB0A/-1 7 MMA/10 HEMA/13 MAA/5 lA with PPE-I 
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Table 2 (continued) 



5 



Polymbr ID# 


H«lr FIxatlvo Re«ln Compo^ttlon 


20 (comp) 

21 (comp) 
22 

23 (comp) 


21 BA/A IBOA/47 MMA/lO HEMA/ie MAA with SLS 
IB BA/7 IBOA/47 MMA/10 HEMA/IB MAA with SLS 
21 BA/4 IBOMA/47 MMA/10 HEMA/13 MAA/5 lA with SLS 
21 BA/4 IBOMA/47 MMA/10 HEMA/18 MAA with SLS 



[0047] The hair styling composttlons for lasilng ware prepared ae tollows: S% hair resin polymer (% active eolids), 
50-100% nsulralized with 2-amino-2'methyl-i -propanoic 55% ethanol (100%), balance made up with watsr. Compo- 
eitione In Table 3 were eveiLjated at 55% VOC. 60% neutralization, unless indicated otherwiea. A non-dicarboxylic add- 
containing polymer (Polymer #2) was used as a control for determtnlng stiff neae enhancement of the acfyllc hair fixative 
resins of the present fnventlon. The SEP ratio (described below) is the ratio of the stiffness of the hair styling composition 
containing a hair fixetlve resin relative to that of the hair styling composition containing Polymer #2. 
[004B] The hair fixative performance data reported In Table 3 are based on several different properties, primarily the 
hair stiffness enhancement of the treated hair; drawn film clarity/unltormity and high humidity curl retention properties 
were satisfactory unless indicated otherwise. The hair styling compositions of the present Invention contain hair fixative 
resins that provide a stiff-feel ('stiffness enhancomenf) to the hair, as measured by curl compression of the treated 
hair relative to hair treated with prior art hair fixative resins (that Is. those hair fixative resins that do not contain dicar- 
boxylic add monomer). The 'sllffnees enhancement factor* (or SEf^) is a relative measure ot this Improvement. Pref- 
erably, hair styling compositions of the present invention provide an SEF of at least 1 .2, more preferably at least 1 .5, 
and most preterabty at least 1 .7, based on curl compression of hair samples treated with the hair fixative resin. Example 
24 describes these tests In detail, 

[0049] Data In Table 3 show stiffness enhancement lor hair fixative resins having weight a\/erage molecular M/oights 
ranging from 48.000 to 153.000. Hair fixative resins containing no dicarboxylic acid monomer (#2, 3. 4, 6. 20. 21 
and 23) are deficient in stiffness enhancement, film clarity or curl retention properties. Levels of neutralization of the 
carboxy! groups In the hair fixative at 75% and 100% (#1 , 1 A. B and 1 2-1 5) provided satisfactory properties in addition 
to the 50% neutralization level. Vfe^rious levels of the hydroxyalkyi (meth)acrylate monomer cwnponeni (from zero to 
10%) provide satisfactory properties (#1. 9. 14 and 15). N^rious levels of the dlcartoxylic acid monomer component 
(from S to 10%) provide satisfactory properties (#15. 16 and 17). Additional hair fixative resins in Table 3 represent 
various combinations of different (Ci-C,o)alkyl (meth)acrylate monomer components (BA. IBOA, IBOMA, MMA and 
BMA). 



Table 3 



Polymer Composltbn 


SEP Ratio 


Drawn Film Clarity 




1 


1.31 


■*■ 


4BK 


1 


1.28 




71K 


1 


1.36 


+ 


104K 


1 


1.55 


+ 


153K 


1 


1.57 


+ 


7BK 


lO 


1.45 


+ 


78K 


1A 


1.36 






1A«> 


1.91 


+ 




1A 


1,64 


+ 


iieK 


2 (comp) 


[1.0) 


+ 


50K 


3 (comp) 


1.12 






4 (comp) 


1.05 






5 (comp) 


1.47 






6 (comp) 


I.Od 






7 


1.0 


+ 


62K 


e 


1.52 


+ 





SS a • Mv^ Ib appmcynatm\/ SOK (60,000), unl«M indktat«d &th«AtflM. 

b c half fbtatrv* ttaln 16% n«vtraMz«cl, 
c s: ha)r Hxadv* ntin 100% mutratlz*^. 
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20 



25 



SO 



3S 



Table 3 (continued) 



f» l/m»r Composition 



ac 
9 

9A 
10 
11 
12 

14© 

16 
17 
IB 
19 

20 (conrip) 

21 (oomp) 
22 

23 (comp) 



SEF Ratio 



M9 
1.27 7 
2.22 
1.0 
1.80 
1,72 
1.69 
V41 
1.33 
1.71 
1.56 
1.52 
1.51 
1.B3 
1.28 
1.31 

2.00 
1.37 



Drawn Film Clarity 



+ 

+ 

+ 

+ 

+ 
4 
+ 
+ 
4 



63K 



» « i» approxlmata^ SOK (60.000). vnlns indlcal«d othoiwlM. 
b hair fttallv* raaln 76% riMtralizad, 
e ~ hair flK»||v« redn 100% nevtiB&za<t. 



E)IAB«PLE 1 

[0050] To B Ihrae liter, four-neck round bottom flaok equipped with overhead stirrer, condeneer nitrooen adaoter and 
Z^^^lT^TT'"' f T""*"'*^" (55/45 weight ratio mtalure of mono-trWeJloCySiy" 

Kouienc inc. , With the nitrogen turned on, the reactor and contents were heated to syc and an Initiator solution of 

50 g of monomer emulsion, from a monomer emulsion containing 388 g deionized wafer f2 75 a mixed Dhoso^i^ 
«, mm',",?."'""'' « '"^thylmethacrybte (MMA). 217.5 g butyLryla^e (BA). 87 g SoSyCSS£?^?E 

monomer emulsion feed was then fed over 120 minutee while maintaining a temperature of 83-0 A cofeJdrrtror 

ti;^ J^SrS °-^^«fr°"'"^ P^^^^-'* a lionized walJr was g'^duaily Z^^^.^M^XtZ 

the monomer emulsion feed over 120 minutes. ou.ii..KiriDUM*iy mm 

« ffHoul wTT"^""!.'' ^'"""'^ "^P'^"' '^'^ '"frtur* «as -Chased- wHh a 

mlolrllJl t^^^^ ^'^'^'"'^ ""'^ d-feoascorblc acid combmtion to reduce reSdual 

monomer levels. The reaction mixture was then cooled lo room temperature and filtered Th^ composition of the re- 

mt^rt^hr '''''''''' "''^^ ' ^ 

so EXAiWPLE 1A 

t'hJ!?Li2„!'""'*',°" imposition was again prepared according to the procedure In Example 1 except for 

ZTJ^BsT^'^^nXir^ TT '^'^ °" ""^"^ '^"'y' -""'^'^ <2e% aqueous solutionrlS 

^ cf'^'^B*' at 8.5 gas pan of Initial reactor charge and 4.2S gas part of the monomer emulsion. 

EXAMPLES 2-23 



[0053] 



P lymer composlttons 2-23 wore prepared eimilarly to Examples 1 and 1 A and are representative f hair 
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30 



35 



4S 



60 



65 



IShtrr"'' ^t^'^P'-en.invantbn. ^.u.hg oomparativa composft^e. C mposHfona. .ntor,^.^ ,s pre- 



Hxamplf 24: Hair Form^|i>ti on Parformai^p i, T^..t^ 

Hair Stiffnosa 



10 



IS 



2B 



Htflh Humidity Curf Retention 



■MofeculQf Weight Effeetfe 



film Clarity 

[OOfiOl Ahalrflxativoron,,ulallonwa8p,opa«.dbyrnlxln9ihetolk>wln9componorrta:6%^ polymer. 55% olharxjl 
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(100%). 0,7% 2-amino-2"m©thyH''propan I and 39% deionized water. Approximat ly 2 millilitere (mL) of tha formula- 
tion WBG placed on a claan glass plate and a film wad drawn across the plate with a 0.004 mil (0.000004 inch = 0.00001 02 
centimeter) thiclcness draw down block. Th film was observed for opacity while drying and alter It had dried: if the film 
remained clear throughout. K passed the tost (-i-) and if there was any opacity or cracking while the film was drying or 
^ after It had dried, the film failed the test (-). 



Claims 

10 1 . An aqueous hair Styling composition comprising: 

(a) from 1 to 1 5 weight percent of at least one acrylic hair fixative resln^ wherein the acrylic hair fixalrve resin 
is a polymer comprising as polymerized units: (t) 5 to 95 weight percent of at least one {Ci-Cio)aii<yl (meth) 
acrylate, (il) from Zoro to 70 weight percent of least one hydroxyallcyl (meth)acrylate. (ill) from zero to 50 weight 

IS percent from ot at least one Ca-Ce monoethylenically unsaturated monocarboxylic acid monomer and (Iv) from 

1 to 25 weight percent of at least one C4-CB monoethyienically unsaturated dicartjoxylte acid monomer, based 
on total weight of the acrylic hair ftxatlve resin; and 

(b) at least one neutral izer. 

so 2. The composition of claim 1 wherein; 

(I) the (C,-Cio)alkyl (meth)acrylate Is from 2 to 67 weight percent of at least one (Cg-Cgjallcyl acrylate and 
from 5 to 71 weight percent of methyl methacrylate; 

(ii) the hydroxyalkyl (meth)acryla1o is from 2 to 26 weight percent of hydroxyelhyl meihacrylale; 
M (III) the Ca-Cg monoethylenically unsaturated monocarboxylic acid monomer Is from 2 to 30 weight percent of 

methacrylic add; and 

(iv) the C^-C^ monoethylenically unsaturated dicarboxyllc acid monomer is from 2 to 10 weight percent of 

itaconic acid. 

00 3. The compositkxi ot claim 1 wherein the noulralizer is selected from one or more ot 2^amino-2-methyM .S-propan- 
ediol, 2-amino-2-methyl-1 -propanoic N,N-dimethyl-2-amino-2-molhyl-Vpropanol, potassium hydroxide, trieth- 
anolamlne and trilsopropanolamine. 

4. The composition of claim 1 further comprising volatile organic compounds in a concentration up to 9B weight 
ss percent, based on total weight ot the aqueous hair styling composition. 

5. The composilbn of claim 4 wherein the volatile organic compounds concentration is BO weight percent or less. 

6. The composition of claim 1 wherein the composition has a stiffness enhancement factor of at least 1 .2, based on 
40 curl compression ot hair samples treated with the hair fixative resin. 

7. The composition of claim 1 wherein the pof^mBT has a weight average molecular weight from 40,000 to 200^000. 

8. The composition of claim 1 wherein the C^-C^ rrtonoethylenlcally unsaturated rrKjnocarboxylic acid monomer arKJ 
the C4-Ce nrKXioethylenically unsaturated dicarboxylic acid monomer are present in a combined amount of from 3 
to 60 weight percent, based on total weight of the acrylic hair fixative resin. 

9. A method for Increasing the stiffness on hair of aqueous hair styling compositions comprising introducing from 1 
to 15 weight percent of an acryite hair fixative resin, based on total weight of the aqueous hair styling composition. 

50 Into a hair styling compositkxi. wherein; 

(a) the acrylte hair fixative resin Is a polymer comprising as polymerized units: 

(I) 5 to 95 weight percent of at least one (Ci-Cio)alkyl (meth)acrylate, 
Bs (it) from ^ero to 70 weight percent of least one hydroxyalkyl (meth)acrylate. 

(ili) from zero t 50 w ight percent from f at least one Ca-Cg monoathylenically unsaturated monocar- 
boxylic acid monomer, and 

(Iv) from 1 to 25 weight percent of at least one C^-C^ monoethylentoally unsaturated dk^rboxylic acki 
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rrron mer, baa^ on t lal weight of the acryik; hair fixatlv fesin; and 
(b) ihe hair etyling compoeitron comprises al laaet one neutraltj r 
10. The method of claim 9 wherein: 

(i) the (Ci-Cio)alkyl (meth)acrylaie is from 2 to 67 weight percent of at least one (C2-CB)alkyl acrylale and 
from 6 to 7 1 weight percent of methyl meihacryiale; 

(fi) the hydroxyafkyi (meth)acrylate from 2 to 26 weight percent of hydroxyethyi methacrylaie; 

(111) the Cg-Ce monoethyienlcally unsaturated rr>onocatt>oxylic acid monomer le from 2 to 30 weloht percent of 

methacryllc acid; and 

(Iv) the C4^Cb monoethyienlcally unsaturated dicartxixylic acid monomer Is from 2 to 10 weioht percent of 
itaconic acid. » r 



20 



30 



3S 



40 



45 



BO 



SS 
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(54) Stiff-feel hair atyllrtg composltlpne 

(57) A method for enhancing the perfomrwnoe of 
hair fixative resins In lialr stytlng compositions by using 
selected poiymere having certain compositions is dis- 
closed. In particularp the present Invention involves a 
method of improving the stiffness performance of hair 
fixBttve resins by using polymers containing 5-95% (C,- 



C,o)ellcyi (meth)acfylate, 0-70% hydroxyalkyl (meth) 
acrylate, 0-50% monocarboxylic acid monomer and 
1-26% dicafboxyllc add monomer. The selected poly- 
mers are particularly useful In aqueous hair styling com^ 
positions containing low (80% or less) volatile organic 
compound (VOC) concentrations. 
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